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Abstract 



An electrode structure used in a plasma processing apparatus which performs a predetermined process on 
an object (W) to be processed by using a plasma in a process chamber (26) in which a vacuum can be 
formed. An electrode unit (38) has a heater unit (44) therein. A cooling block (40) having a cooling jacket 
(58) is joined to the electrode unit (38) so as to cool the electrode unit. A heat resistant metal seal member 
(66A, 66B) seals an electrode-side heat transfer space (62, 64) formed between the electrode unit and the 
cooling block. Electrode-side heat transfer gas supply means (94) supplies a heat transfer gas to the 
electrode-side heat transfer space. Accordingly, a sealing characteristic of the electrode-side heat transfer 
space does not deteriorate even in a high temperature range such as a temperature higher than 20 0 PEG C 



and, for example, a range from 350 DEG C to 500 DEG C, and the heat transfer gas does not leak. 




Data supplied from the esp@cenet database - 12 



Description 



TECHNICAL FIELD 



[0001] The present invention relates to a processing apparatus such as a plasma processing apparatus 
and, more particularly, to a structure of an electrode and a structure of a placement table that are suitable 
for the plasma processing apparatus. 



BACKGROUND ART 



[0002] Generally, in a manufacturing process of a semiconductor integrated circuit, various processes, 
such as a film deposition process, an etching process or an oxidation-diffusion process, are repeatedly 
performed with respect to a semiconductor wafer, which is an object to be processed. In such kinds of 
processes, in a case in which there is no element or arrangement or member that receives a thermal 
damage in a wafer such as a case in which an oxidation film is deposited on a bare wafer, there is no 
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problem if a heat treatment is performed at a high temperature of, for example, 800 DEG C to 900 DEG 0. 

However, for example, when an interlayer insulating film or the like is formed to make a circuit element to 
be multilayer, there is a problem in that a circuit element or structure is damaged if a wafer is heated to a 
high temperature of 800 DEG C to 900 DEG 0 as mentioned above. In order to solve such a problem, a 
CVD (chemical vapor deposition) is performed by using a plasma at a temperature in a low-temperature 
range such as, for example, 300 DEG C which is not so high. 

[0003] FIG. 1 is an illustration of a structure of a conventional apparatus that performs the above- 
mentioned plasma CVD. First, a lower electrode unit 4, which also serves as a placement table, is situated 
in a process chamber 2 in which a vacuum can be created. A heater unit 6 such as a sheath heater is 
embedded in the lower electrode unit 4 in an insulated state. Specifically, the above-mentioned heater unit 
6 is embedded by being cast into an aluminum material or the like. Additionally, an electrostatic chuck 8, 
which is made of ceramics, is provided on an upper surface of the lower electrode unit 4, which is made of 
aluminum, by being bonded by brazing and the like, the electrostatic chuck being formed by embedding an 
electrostatic chuck electrode in a ceramics material. The semiconductor wafer W is held on the 
electrostatic chuck 8 by an electrostatic attracting force. 

[0004] Additionally, a cooling block 12 having a cooling jacket 10 therein is provided in a lower portion of 
the above-mentioned lower electrode unit 4. The wafer W is maintained at an optimum temperature by 
controlling the above-mentioned cooling jacket 10 and the heater unit 6. 

[0005] Since a heat transfer space 14, which is a small gap, is formed between the lower electrode unit 4 
which decreases the heat transfer efficiency, an attempt is made to improve the efficiency of heat transfer 
by sealing the heat transfer space 14 by a seal member 16 such as an 0-ring and introducing a heat- 
transfer gas, which is an inert gas such as Ar gas. He gas or nitrogen gas. 

[0006] Additionally, An upper electrode unit 18 is provided on the ceiling of the process chamber 2, the 
upper electrode unit being positioned to face the above-mentioned lower electrode unit 4. A heater unit 20 
such as a sheath heater is also embedded in the upper electrode unit 18 by being cast into an aluminum 
material or the like. Additionally, a high-frequency source 22 is connected to the upper electrode unit 18 so 
as to apply a high-frequency voltage for generating a plasma, and a predetermined process is applied to 
the wafer W by generating a plasma between the upper electrode unit 18 and the lower electrode unit 4. 

[0007] In a case in which a process temperature of the semiconductor wafer is relatively low, for example, 
when the process temperature is lower than about 200 DEG C, an influence of the process temperature to 
a member provided in the process chamber 2 is not large. However, in order to increase a film deposition 
rate or improve a film quality in a film deposition process for example, there is a case in which the process 
temperature is increased to a temperature greater than 200 DEG C, that is, a temperature ranging from 
350 DEG C to 500 DEG C in a range in which an element or a construction in a lower layer is not 
damaged. 

[0008] In such a high temperature range, there is a problem in that a sealed gas leaks due to deterioration 
of the sealing characteristic of the sealing member 16 such as an 0-ring sealing the heat transfer space 14 
due to a thermal degradation. If the sealing characteristic of the sealing member 16 is deteriorated, the 
inert gas sealed in the heat transfer space 14 flows out, which results in deterioration of the efficiency of 
heat transfer. As a result, the accuracy of control of the temperature of the wafer W may be decreased, or 
a film deposition gas in the process chamber 2 may be diluted by the heat transfer gas, for example, in a 
film deposition process. In order to prevent such as problem, a flow rate of the film deposition gas must be 
increased more than a stoichiometric ratio, and, thus, there is a problem in that consumption of the film 
deposition gas is increased. 

[0009] Additionally, since a pressure sensor cannot be provided to the heat-transfer space 14, which is 
heated to a high temperature, a pressure of the heat-transfer gas supply to the heat transfer space 14 is 
monitored by a supply source so as to control the supply pressure to become appropriate. However, in 
such a structure, a pressure in the area to be controlled is not directly detected, the controllability of the gas 
pressure must be deteriorated. 

[0010] It should be noted that the present inventor suggested, in Japanese Laid-Open Patent Application 
No. 6-232082, a sealing structure for performing a process in a low-temperature state, which is a sealing 
structure under an ultra low-temperature environment such as a cooling device, which performs cooling by 
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using liquefied nitrogen. 



DISCLOSURE OF THE INVENTION 



[0011] It is an object of the present invention to provide an improved and useful plasma processing 
apparatus in which the above-mentioned problems are eliminated. 

[0012] A more specific object of the present invention is to provide an electrode structure and a placement 
table structure of a plasma processing apparatus in which a seal characteristic is not deteriorated in a high- 
temperature range exceeding 200 DEG C, which results in less leakage of a heat transfer gas. 

[0013] Another object of the present invention is to provide an electrode structure and a placement table 
structure of a plasma processing apparatus which prevents a deformation of an insulating member 
provided therein and enables a uniform contact with a member to be contacted, thereby improving the 
uniformity of a temperature distribution in a surface of an object to be processed. 

[0014] Additionally, another object of the present invention is to provide an electrode structure and a 
placement table structure of a plasma processing apparatus which can remarkably suppress generation of 
a leak paths by forming a soft metal film or soft metal layer, which is made of a low melting point material 
and is softened at a process temperature, on a surface of a heat resistant metal seal member or a contact 
surface of a member to which the seal member contacts. 

[001 5] Additionally, another object of the present invention is to provide an electrode structure and a 
placement table structure of a plasma processing apparatus, which enables an improvement in a corrosion 
resistance with respect to a fluoride gas by forming a fluoride passivation film on an entire exposed surface 
of the heat resistant metal seal member. 

[001 6] Additionally, another object of the present invention is to provide an electrode structure and a 
placement table structure of a plasma processing apparatus which enables an improvement in the 
temperature controllability of an object to be processed by setting the surface roughness of a member 
defining a heat transfer space to be less than a predetermined value so as to improve the coefficient of 
heat transfer. 

[0017] Additionally, another object of the present invention is to provide an electrode structure and a 
placement table structure of a plasma processing apparatus which enables an improvement in uniformity of 
a temperature distribution in a surface of an object to be processed by promoting a release of heat from the 
electrode or the central portion of a placement table that tend to' be at a high temperature by a blower or by 
cooling a column supporting the placement table. 

[0018] In order to achieve the above-mentioned objects, there is provided according to the present 
invention an electrode structure used in a plasma processing apparatus which performs a predetermined 
process on an object to be processed by using a plasma in a process chamber in which a vacuum can be 
formed, the electrode structure is characterized by comprising an electrode unit having a heater unit 
therein; a cooling block joined to the electrode unit and having a cooling jacket which cools the electrode 
unit; a heat resistant metal seal member for sealing an electrode-side heat transfer space formed between 
the electrode unit and the cooling block; and electrode-side heat transfer gas supply means for supplying a 
heat transfer gas to the electrode-side heat transfer space. 

[0019] As mentioned above, by using the heat resistant metal seal member, a high sealing effect for the 
electrode-side heat transfer apace can be maintained in a high temperature range such as a temperature 
higher than 200 DEG C and. for example, a range from 350 DEG 0 to 500 DEG C. 

[0020] Additionally, there is provided according to another aspect of the present invention an electrode 
structure used in a plasma processing apparatus which performs a predetermined process on an object to 
be processed by using a plasma in a process chamber in which a vacuum can be formed, the electrode 
structure is characterized by comprising: an electrode unit having a heater unit therein; a cooling block 
joined to the electrode unit and having a cooling jacket which cools the electrode unit; a labyrinth heat 
transfer space formed by a concentric or spiral groove provided on at least one of opposite surfaces of the 
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electrode unit and the cooling blocl^; and electrode-side heat transfer gas supply means for supplying a 
heat transfer gas to the labyrinth heat transfer space. 

[0021] As mentioned above, by providing the labyrinth heat transfer space between the joining surfaces of 
the electrode unit and the cooling block, a high sealing effect for the heat transfer apace formed between 
said electrode unit and said cooling block can be maintained in a high temperature range such as a 
temperature higher than 200 DEG C and, for example, a range from 350 DEG C to 500 DEG C. 

[0022] Additionally, an Insulating member may be provided between the electrode unit and the cooling 
block, and the heat transfer space may be divided into an upper space and a lower space by the insulating 
member. In such a case, since both the upper space and the lower space are sealed by the heat transfer 
metal seal member, a high sealing effect at a high temperature range can be maintained. 

[0023] The insulating member may be made of a material having a coefficient of thermal conductivity of 
more than 80 W/mK. Accordingly, an amount of warp of the insulating member can be suppressed. As a 
result, the insulating member equally contact a member to be contacted, thereby enabling an improvement 
of uniformity of a temperature distribution in a surface of the object to be processed. The insulating 
member may be made of aluminum nitride (AIN). 

[0024] Additionally, a contact rate of joining surfaces of members, which are joined to define the heat 
transfer space, may be set to fall within a range from 40% to 80%. According to this, the uniformity of a 
temperature distribution in a surface of the object to be processed can be further improved since the heat 
transfer gas can flow substantially uniformly within the surface without excessively increasing the heat 
resistance. 

[0025] Further, a surface roughness of a member defining the heat transfer space may be set smaller than 
2.0 im. A thermal conductivity can be improved by controlling the surface roughness of the member 
defining the heat transfer space to be smaller than a predetermined value. Additionally, an improvement of 
controllability of the temperature of the object to be processed can be achieved. 

[0026] Additionally, the heat resistant metal seal member may be a heat resistant metal film having a ring- 
like cross section, a low melting point material being confined in the metal film. Thereby, traceability of the 
surface of the seal member is increased, which enables a further improvement of the sealing characteristic. 
The surface of the heat resistant metal seal member may be covered by a soft metal film made of a low 
melting point material, which is softened at a process temperature of the object to be processed. According 
to this, the low melting point material is softened when being processed and a cut in the surface which 
contacts the seal member is filled by the softened material which eliminates a leak path, thereby enabling 
prevention of the heat transfer gas from leaking through the cut. 

[0027] Additionally, the surface of the member contacting the heat resistant metal seal member may be 
covered by a soft metal layer made of a low melting point material, which is softened at a process 
temperature of the object to be processed. Also in this case, the low melting point material is softened 
when being processed and a cut in the surface which contacts the seal member is filled by the softened 
material which eliminates a leak path, thereby enabling prevention of the heat transfer gas from leaking 
through the cut. 

[0028] Additionally, the surface of the heat resistant metal seal member may be covered by a fluoride 
passivation film having a corrosion resistance with respect a fluoride gas. This enables an improvement of 
the corrosion resistance with respect to the fluoride gas. The fluoride passivation film may be made of 
fluoride nickel. 

[0029] The heater unit may be divided into concentric zones, and the divided zones may be controllable on 
an individual basis. 

[0030] The electrode unit may be an upper electrode unit positioned above the object to be processed. 

[0031] Additionally, the electrode unit may be a lower electrode unit which also serves as a placement table 
on which the object to be processed is placed, and the electrode structure may further comprise an 
electrostatic chuck which is joined to an upper surface of the lower electrode unit so as to attract the object 
to be processed and chuck-side heat transfer gas supply means for supplying a heat transfer gas to a 
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chuck-side heat transfer space formed between the electrostatic chuck and the object to be processed. 

[0032] Additionally, at least one of the electrode-side heat transfer space, the labyrinth heat transfer space 
and the chuck-side heat transfer space. may be provided with a heat resistant pressure sensor, and an 
amount of gas supplied by the corresponding heat transfer gas supply means may be controlled based on 
an output of the heat resistant pressure sensor. According to this, the controllability of the gas pressure can 
be improved since the gas pressure in the space to be controlled is measured by the heat resistant 
pressure sensor. 

[0033] Additionally, the center of the electrode unit may be held by a hollow column, and gas blower means 
may be provided in the column for promoting a release of heat by blowing a gas toward the center of a 
back surface of the electrode unit. According to this, the uniformity of the temperature distribution in the 
surface of the object to be processed can be improved since a release of heat from the center portion of 
the placement table, which tends to be a high temperature, can be promoted. 

[0034] Additionally, the center of the electrode unit may be held by a column, and the column may be 
connected to the cooling block via a heat conductive member. In this case, the uniformity of the 
temperature distribution in the surface of the object to be processed can also be improved since a release 
of heat from the center portion of the placement table can be promoted. 

[0035] Additionally, there Is provided according to another aspect of the present invention a placement 
table structure used for a processing apparatus performing a predetermined process on an object to be 
processed in a process chamber in which a vacuum can be formed, the placement table structure is 
characterized by comprising: a placement table having a heater unit therein so as to heat the object to be 
processed; a cooling block joined to the placement table and having a cooling jacket which cools the 
placement table; a heat resistant metal seal member for sealing a heat transfer space formed between the 
placement table and the cooling block; and heat transfer gas supply means for supplying a heat transfer 
gas to the heat transfer space. 

[0036] Accordingly, by using the heat resistant metal seal member, the sealing characteristic of the heat 
transfer space can be maintained high even in a high temperature range, for example, from 350 DEG C to 
500 DEG C, which is higher than 200 DEG C. 

[0037] Additionally, there is provided according to another aspect of the present invention a placement 
table structure used for a processing apparatus performing a predetermined process on an object to be 
processed in a process chamber in which a vacuum can be formed, the placement table structure is 
characterized by comprising: a placement table having a heater unit therein so as to heat the object to be 
processed; a cooling block joined to the placement table and having a cooling jacket which cools the 
placement table; a labyrinth heat transfer space formed by a concentric or spiral groove provided on at 
least one of opposite surfaces of the placement table and the cooling block; and heat transfer gas supply 
means for supplying a heat transfer gas to the labyrinth heat transfer space. 

[0038] Accordingly, by providing the labyrinth heat transfer space between the contacting surfaces of the 
placement table and the cooling block, the sealing characteristic of the heat transfer space formed between 
the placement table and the cooling block can be maintained high even in a high temperature range, for 
example, from 350 DEG C to 500 DEG C, which is higher than 200 DEG C. 

[0039] Additionally, there is provided according to another aspect of the present invention a plasma 
processing apparatus characterized by comprising: a process chamber in which a vacuum can be formed; 
an electrode structure according to the above-mentioned present Invention; and a high-frequency source 
applying a high-frequency voltage to the electrode structure. 

[0040] Further, there is provided according to another aspect of the present invention a processing 
apparatus characterize by comprising: a process chamber in which a vacuum can be formed; and a 
placement table structure according to the present invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is a structural view of a conventional plasma CVD processing apparatus. 

FIG. 2 is a structural view of a plasma processing apparatus according an embodiment of the present 

invention. 

FIGS. 3A though 3E are cross-sectional views of heat resistant metal seal members. 

FIG. 4 is a view showing a heat-transfer gas supply system of an embodiment of an electrode structure 

(lower electrode unit side) according to the presentJnvention. 

FIG. 5 is a view of a structure of a heat resistant pressure sensor. 

FIG. 6 is an illustration showing a heat transfer gas supply system of an embodiment of an electrode 
structure (upper electrode unit side) according to the present invention. 

FIG. 7 is an illustration for explaining a warp caused by a temperature difference of an insulating member. 
FIG. 8 is a graph showing a relationship between the coefficient of thermal conductivity and an amount of 
warp. 

FIGS. 9A through 9D are views for explaining a rate of contact when gas grooves having various widths 
are provided on a contact surface of a member. 

FIG. 10 is a graph showing a relation ship between a contact rate and each of a thermal resistance and the 
dispersion in a temperature distribution. 

FIG. 11 is an illustration of a heat transfer space formed between the lower surface of a lower electrode 

unit and the upper surface of an upper electrode unit. 

FIG. 12 is an illustration of the electrode structure shown in FIG. 2. 

FIG. 13 is a graph showing a relationship between the surface roughness Ra of the insulating member and 
a thermal resistance. 

FIG. 14 is an illustration of the lower surface of a mirror finished electrode unit and the upper surface of the 
insulating member. 

FIG. 1 5A is a view showing a state In which a soft metal film is formed on the surface of the heat resistant 
metal seal member, and FIG. 15B is a view showing a state in which the soft metal film is softened in the 
state shown in FIG. 15A. 

FIG. 16A is a view showing a state in which a soft metal film is formed on the surface of the member 
contacting the heat resistant metal seal member, and FIG. 16B is a view showing a state in which the soft 
metal film is softened in the state shown in FIG. 16A. 

FIGS. 17A and 17B are views showing a state in which a fluoride passivation film is formed on the surface 
of the heat resistant metal seal member. 

FIG. 18 is a view showing a state in which a gas blower means is provided to a support column. 

FIG. 19 is a graph showing a temperature distribution in a surface of a semiconductor wafer. 

FIG. 20 is a view showing a state in which a column and a cooling block are connected to each other by a 

thermal conductive member. 

FIG. 21 is a plane view of a variation of a groove of the lower electrode unit. 

FIGS. 22A and 22B are enlarged cross-sectional view showing a labyrinth heat transfer space. 

FIG. 23 is a view showing a variation of a heater unit. 

FIG. 24 is a structural view of a thermal CVD processing apparatus according to the present invention. 



BEST MODE FOR CARRYING OUT THE INVENTION 



[0042] A description will be given below, with reference to the drawings, of a plasma processing apparatus 
according to an embodiment of the present invention. 

[0043] FIG. 2 is structural view of a plasma processing apparatus according to an embodiment of the 
present invention. FIGS. 3A though 3E are cross-sectional views of heat resistant metal seal members. 
FIG. 4 is a view showing a heat-transfer gas supply system of the embodiment of an electrode structure 
(lower electrode unit side) according to the present invention. FIG. 5 is an illustrative view of a structure of 
a heat resistant pressure sensor. FIG. 6 is an illustration showing a heat transfer gas supply system of the 
embodiment of the electrode structure (upper electrode unit side) according to the present invention. 

[0044] As shown in the figures, the plasma processing apparatus 24 has, for example, an aluminum made 
cylindrical process chamber 26. On the bottom side of the process chamber, there is provided a lower 
electrode structure 28, which also serves as a placement table on which a semiconductor wafer W as an 
object to be processed is placed. An upper electrode structure 30 is provided on a ceiling part of the 



file://C:\Documents%20aTid%20Settings\bepatterson\My%20Documents\espacenet\WO007... 6/8/2004 



,rtiS PAGE BLANK ffjswo) 



Page 7 of 20 



process chamber 24. 

[0045] On the side of the process chamber 26, there are provided a gate valve 32, which is opened and 
closed when the semiconductor wafer is transported into or out of the process chamber 26, and a gas 
nozzle for introducing various gases of process gasses such as silane or oxygen. It should be noted that, 
instead of the gas nozzle 34, a showerhead made of quartz may be provided on a lower surface of the 
upper electrode structure 30. 

[0046] On the lower sidewall of the process chamber 26, there is an exhaust port 36 connected to a 
vacuum exhaust system including a vacuum pump, which Is not shown in the figures so that a vacuum can 
be formed in the process chamber 26. 

[0047] The above-mentioned lower electrode structure 28 comprises: a lower electrode unit 38 which also 
serves as a placement table; a cooling block 40 positioned under the lower electrode unit 38; and a lower 
insulating member 42 which electrically insulates the lower electrode unit 38 and the cooling block 40 from 
each other by being inserted therebetween. Specifically, the above-mentioned lower electrode unit 38 is 
made of aluminum. 

[0048] A sheath heater (heating heater) 44, which is wound in a spiral shape or a concentric shape, is 
embedded inside the lower electrode unit 38 by being cast therein so that the wafer W can be heated. 
Additionally, a ceramic made electrostatic chuck 46, in which a chuck electrode is embedded, is joined to 
an upper surface of the lower electrode unit 38 by brazing or the like. The wafer W, which is an object to be 
processed, is attracted by and held on the electrostatic chuck 46. A column 48, which extends under the 
lower electrode unit 38, goes through the bottom 50 of the chamber. A matching circuit 54 and a high- 
frequency source 56 for biasing are connected to the column 48 via lead line 52. A lifting mechanism (not 
shown in the figures) is mounted to the column so as to move the column 48 up and down. 

[0049] Similar to the above-mentioned lower electrode unit 38, the cooling block 40 is made of aluminum, 
and a hollow ring-like cooling jacket 58 is formed in the cooling block 40 so as to flow a coolant 
therethrough. The wafer W is cooled via the above-mentioned lower electrode unit 38 by flowing a coolant 
through the cooling jacket 58. Practically, the wafer temperature is controlled to an appropriate value by 
selectively or simultaneously driving the cooling jacket 58 and the heater unit 44. The lower surface of the 
cooling block 40 and the bottom 50 of the chamber are joined by an extendible bellows 60 so as to allow an 
up and down movement with respect to the lower electrode structure 28 while maintaining airtightness of 
the process chamber 26. 

[0050] Additionally, a lower insulating member 42 interposed between the lower electrode unit 38 and the 
cooling block 40 is made of a ring-like quartz glass having a thickness of about 20 mm. The lower 
insulating member 42 covers a circumference of the column 48 extending from the above-mentioned lower 
electrode unit 38 so as to insulate also the column 48. 

[0051] The lower electrode 38 and the lower insulating member 42 are joined in an upside and downside 
arrangement, and the lower insulating member 42 and the cooling block 42 are also joined in an upside 
and downside arrangement. An upper electrode-side heat transfer space (upper space) 62 and a lower 
electrode-side heat transfer space (lower space) 64, each of which is a small gap space, are formed 
between these members, respectively. The presence of these heat transfer spaces 62 and 64 decreases a 
heat transfer efficiency in a vertical direction due to both the heat transfer spaces being set to a vacuum 
state since both the heat transfer spaces 62 and 64 communicate with the process chamber 26. 
Accordingly, ring-like heat resistant metal seal members 66A, 66B, 68A and 68B are interposed between 
the heat transfer spaces 62 and 64 in an inner side and an outer side, respectively, so as to maintain the 
sealing characteristic of both the heat transfer spaces 62 and 64 high. Further, since a slight leakage of the 
gas cannot be avoided even if the sealing characteristic of both the heat transfer spaces 62 and 64 is 
maintained high, gas supply passages 70 and 72 are connected to the heat transfer spaces 62 and 64, 
respectively, so that a pressure controlled heat transfer gas comprising an inert gas such as Ar, He or N2 is 
supplied thereto. 

[0052] Additionally, for the same reason as mentioned above, two gas supply passages 76 and 78 are 
provided to the chuck-side heat transfer space 74 formed between the upper surface of the electrostatic 
chuck 46 and the back surface of the wafer W so as to increase the efficiency of heat transfer from each of 
the lower electrode unit 38 and the electrostatic chuck 46 to the wafer W during the plasma processing. In 
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this case, for example, the gas supply passage 76 is used for supplying the gas to the center portion of the 
electrostatic chuck 46 since the gas diffusion rate in the chuck-side heat transfer space 74 is small, and the 
gas supply passage 78 is used for supplying the gas to a peripheral portion of the electrostatic chuck 46. It 
should be noted that the mode of supplying the gas to the chuck*side heat transfer space 74 is not limited 
to this. 

[0053] A description will now be given, with reference to FIGS. 3A through 3E, of a structure of each of the 
heat resistant metal seal members 66A, 66B, 68A and 68B. Since each of the heat resistant metal seal 
members 66A, 66B, 68A and 688 is the same, the seal member 66A is explained as an example. 

[0054] The heat resistant metal seal member 66A shown in FIG. 3A is constituted by forming a thin heat 
resistant metal film 79 in a ring-like shape having a circular cross section, the heat resistant metal film 
being formed of a metal such as a stainless steel, Inconel (trade name) or Hastelloy (trade name) having a 
thickness ranging from 0.1 mm to 1 .0 mm. The diameter L1 of the cross section is about 3 mm to 4 mm so 
as to provide an elasticity against a pressing force. 

[0055] A heat resistant metal seal member 66A-1 shown in FIG. 38 is the heat resistant metal film 79 
shown in FIG. 3A provided with a slit 80 on a side surface viewed in the cross section thereof. The slit 80 is 
formed to extend in a circumferential direction of the ring-like seal member 66A-1 so as to provide elasticity 
to the seal member 66A-1 . 

[0056] A heat resistant metal seal member 66A-2 shown in FIG. 3C is formed by inserting a coil-like or 
platelike spring member 82, which is made of a spring stainless steel or the like, into an inner space of the 
heat resistant metal film 79 shown in FIG. 38. The seal characteristic is improved by increasing a spring 
force by the spring member 82 when being pressed. 

[0057] A heat resistant metal seal member 66A-3 shown in FIG. 3D improves traceability of a surface by 
confining a low melting point material 84 inside the heat resistant metal film 79 having a circular cross 
section shown in FIG. 3A, the low melting point material melting at a temperature lower than a process 
temperature. As for the low melting point material 84, indium having a melting point of about 156.4 DEG C 
or a solder having a melting point of about 150 DEG C may be used. In such a case, the metal film 79 is 
made very thin, such as a thickness ranging from 1 .0 mu m to 500 mu m, so as to put an importance to the 
traceability rather than elasticity. 

[0058] A heat resistant metal seal member 66A-4 shown in FIG. 3E corresponds to the heat resistant metal 
film 79 having a cross section provided with the slit 80 as shown in FIG. 38 further provided with an inward 
bet portion so as to improve the seal characteristic by increasing elasticity. As for the heat resistant metal 
seal members 66A to 688, any one of the above-mentioned structures may be used. 

[0059] A description will now be given, with reference to FIG. 4, of the supply system of the heat transfer 
gas to the electrode-side heat transfer spaces 62 and 64 and the chuck-side heat transfer space 74. As 
shown in FIG. 4, each of the gas supply passages 70, 72, 76 and 78 connected to the respective electrode- 
side heat transfer spaces 62 and 64 and the chuck-side heat transfer space 74 is provided with respective 
one of the flow control devices 88A to 88D such as mass flow controllers. Each of the gas supply passages 
70, 72, 76 and 78 is connected to N2 gas sources 90 and 92 which are sources of the heat transfer gas, 
which constitute the electrode-side heat transfer gas supply means 94 and the chuck-side heat transfer gas 
supply means 96. It should be noted that the N2 gas sources 90 and 92 may be a common gas source. 

[0060] Each of the flow control devices 88A to 88D is controlled by the a control unit 100 based on a 
detection value of heat resistant pressure sensors 98 to 98D provided to the respective heat transfer 
spaces 62, 64 and 74. Specifically, the above-mentioned heat resistant pressure sensors 98A to 98D are 
provided in the vicinity of the respective gas outlet ports 70A, 72A, 76A and 78A of the gas supply 
passages 70, 72, 76 and 78 so as to detect a pressure in the respective spaces. It should be noted that 
66C to 66G in FIG. 4 are heat resistant metal seal member having a structure the same as the above- 
mentioned structures that seal each of the gas supply passages. Each of the above-mentioned heat 
resistant pressure sensors 98A to 98D has the same structure, and a description will be given, with 
reference to FIG.5, of a structure of the sensor 98A as an example. 

[0061] As shown in FIG. 5, a concave portion 102 is formed on the surface of the lower insulating member 
42 as a base for mounting the heat resistant pressure sensor 98A. The opening of the concave portion 102 
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is covered by a base plate 104 which is made of a bendable ceramic plate or a metal plate, and the base 
plate 104 is airtightly bonded by a brazing material 106 or the like. At this time, the inside of the concave 
portion 102 is set to a predetermined pressure (for example, about an atmospheric pressure). A resistance 
pattern 108, which is made of an alloy. comprising nickel and chrome, is formed on the surface of the base 
plate 1 04 in an insulated state with respect \d the base plate 1 04 (when the base is made of a metal), and 
the resistance pattern 1 08 is expandable so as to generate a change in the resistance by tracing a bending 
deformation of the base plate 104 (indicated by single dashed chain lines in the figure). The small change 
in the resistance is electrically detected by the control unit 100 via a lead wire 110. The small change in the 
resistance may be detected by using, for example, a Wheatstone bridge circuit. It should be noted that, in 
this case, the control unit is provided with a temperature compensation circuit (not show in the figure) so as 
to cancel the change in the resistance of the resistance pattern 108 which is generated in association with 
a temperature change. Additionally, The structure of the heat resistant pressure sensor 98A is not limited to 
the above-mentioned structure if the heat resistant pressure sensor can withstand the process temperature 
of the apparatus according to the present invention. 

[0062] Returning to FIG. 2, a description will be given of the upper electrode structure 30. A basic structure 
of the upper electrode structure 30 is the same as that of the lower electrode structure 28. That is, the 
upper electrode structure 30 comprises: an upper electrode unit 1 10; a cooling block 112 positioned above 
the upper electrode unit 1 10; and an upper insulating member 114 which electrically insulates the upper 
electrode unit 110 and the cooling block 1 12 from each other by being inserted therebetween. Specifically, 
the above-mentioned upper electrode unit 110 is made of aluminum. 

[0063] A heater unit 116, which is wound in a spiral shape or a concentric shape similar to the heater unit 
44 in the above-mentioned lower electrode unit 38, is embedded inside the upper electrode unit 1 10. A 
column 118, which extends above the upper electrode unit 114, goes through the ceiling of the chamber. A 
matching circuit 112 and a high-frequency source 124 for biasing are connected to the column 118 via lead 
line 120 so as to generate a plasma in the process space. 

[0064] Similar to the lower electrode unit 38. the cooling block 1 12 is made of aluminum. A hollow ring-like 
cooling jacket 126 is formed in the cooling block 1 12 so as to flow a coolant therethrough. The above- 
mentioned cooling jacket 1 10 is maintained at a constant temperature, for example, a temperature the 
same as the temperature of the lower electrode unit 38 by flowing the coolant through the cooling jacket 
126. Practically, the temperature of the upper electrode unit is controlled to an appropriate value by 
selectively or simultaneously driving the cooling jacket 126 and the heater unit 1 1 6. The reason for the 
temperature control of the upper electrode unit 1 10 is that if the temperature of the electrode is increased 
to a temperature higher than the wafer W or the lower electrode unit 38, a heat radiation Is generated 
therebetween which may cause a heat fluctuation. 

[0065] Additionally, a upper insulating member 114 interposed between the upper electrode unit 1 10 and 
the cooling block 1 12 is made of a ring-like quartz glass having a thickness of about 20 mm. The upper 
insulating member 114 covers a circumference of the column 118 extending from the above-mentioned 
upper electrode unit 1 10 so as to insulate also the column 118. 

[0066] The upper electrode unit 1 10 and the upper insulating member 1 14 are joined in an upside and 
downside arrangement, and the upper insulating member 114 and the cooling block 1 12 are also joined in 
an upside and downside arrangement. An upper electrode-side heat transfer space (upper space) 128 and 
a lower electrode-side heat transfer space (lower space) 130, each of which is a small gap space, are 
formed between these members, respectively. Accordingly, similar to the case of the lower electrode 
structure 28, ring-like heat resistant metal seal members 132A, 132B, 134A and 134B are interposed 
between the heat transfer spaces 128 and 130 in an inner side and an outer side, respectively, so as to 
maintain the sealing characteristic of both the heat transfer spaces 128 and 130 high. Further, gas supply 
passages 136 and 138 are connected to the heat transfer spaces 128 and 130, respectively, so that a 
pressure controlled heat transfer gas comprising an inert gas such as Ar, He or N2 is supplied thereto. That 
is, as shown in FIG. 6, the gas supply passages 136 and 138 connected to the respective electrode-side 
heat transfer spaces 128 and 1 30 are provided with follow control devices 88E and 88F such s mass flow 
controllers, respectively, so as to constitute electrode-side heat transfer gas supply means 142. 

[0067] The flow control devices 88E and 88F are controlled by a control unit 144 based on the detection 
value of the heat resistant pressure sensors 98E and 98F provided to the respective heat transfer spaces 
128 and 130. It should be noted that the above-mentioned control unit 100 may also serves as the control 
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unit 144. Specifically, the above-mentioned heat resistant pressure sensors 98E and 98F are provided in 
the vicinity of the gas outlet ports 136A and 138A of the gas supply passages 136 and 138 so as to detect 
the pressure in the respective spaces. The structure of each of the sensors 98E and 98F is the same as 
that described with reference to FIG. 5. 

[0068] A description will now be given of an operation of the thus-structured plasma processing apparatus. 

[0069] First, the semiconductor wafer W is transported into the process chamber 26 through the opened 
gate valve 32 in a state in which the lower electrode structure 28 Is moved down to a predetermined 
position for transportation. Then, the wafer W is placed on the top surface of the preheated lower electrode 
unit 38, which serves as a placement table so as to attract and hold the wafer W by the electrostatic chuck 
46. The lower electrode unit 38 and the upper electrode unit 1 10 are preheated at a temperature ranging 
from 350 DEG C to 500 DEG C so as to improve the throughput. 

[0070] Then, in this state, the lower electrode structure 28 is lifted to a predetermined process position. At 
the same time, the temperature of the wafer is raised to the process temperature of, for example, about 
500 DEG C by increasing a power supplied to the heater unit 44 of the lower electrode unit 38 and the 
heater unit 1 1 6 of the upper electrode unit 1 1 0. It should be noted that when the wafer is previously heated 
to the process temperature, there is no need to raise the temperature. Then, a predetermined film 
deposition gas such as SiH4, SiF4 or 02 is supplied to the process space. Then, the pressure Inside the 
process chamber 26 is maintained at a predetermined process pressure by driving the vacuum pump (not 
shown in the figure) to evacuate the gas inside the process chamber 26 through the exhaust port 36. 

[0071] Then, a high-frequency plasma voltage having a frequency of, for example, 13.65 MHz is applied to 
the upper electrode unit 1 10 by the plasma generation high-frequency power source 124 so as to generate 
a plasma. At the same time, a high-frequency voltage for biasing is applied to the lower electrode unit 38 
by the bias high-frequency power source 56. Thereby, a plasma is generated in the process space, and the 
deposition gas is activated which results in deposition of a predetermined film such as SiOF on the surface 
of the wafer W. 

[0072] After the plasma process is started, the wafer W and the upper electrode 1 10 are gradually heated. 
In order to prevent the wafer W form overheating, the coolant is supplied to the cooling jackets 58 and 126 
provided to the cooling blocks 40 and 112 so as to appropriately control the cooling jackets 58 and 126 and 
the heater units 44 and 1 16 so that the temperature of the wafer W is controlled to be maintained at the 
process temperature. It should be noted that water or Gurden (trade name) may be used as the coolant for 
the cooling jackets 58 and 126. 

[0073] In such a condition, Ar gas as the heat transfer gas Is supplied by the gas supply means 
corresponding to the above-mentioned heat transfer spaces 62, 64, 74, 128 and 130 so as to maintain the 
temperature controllability of the wafer W so that the heat transfer spaces can be maintained at a constant 
pressure ranging from, for example, from 10 to 20 Torr. 

[0074] Since the heat resistant metal seal members 66A, 66B, 68A, 68B, 132A and 132B having structures 
shown in FIGS. 3A to 3E are used so as to seal the heat transfer spaces, the seal characteristic can be 
maintained high even if the process temperature Is raised to about 500 DEG C and the heat transfer gas 
can be prevented from leaking to the process chamber. Accordingly, the temperature control of the wafer 
W can be accurately performed while maintaining the high heat transfer efficiency without consuming a 
large amount of heat transfer gas. 

[0075] Additionally, the heat transfer spaces 62, 64, 74, 128 and 130 are provided with the respective heat 
resistant pressure sensors 98A through 98F having the structure as shown in FIG. 5 which can withstand a 
temperature as high as about 500 DEG C. The heat resistant pressure sensors 98A through 98F detects a 
pressure of the heat transfer spaces, and the flow of the heat transfer gas is controlled so as to maintain 
the detected pressure at a constant value, thereby enabling an accurate control of the gas pressure. 
Especially, since the pressure in each of the heat transfer spaces, which are objects to be subjected to the 
pressure control, can be directly detected by each sensor, more accurate pressure control having a quick 
response can be performed unlike the conventional method in which the pressure control Is performed by 
detecting the gas pressure in the gas supply system. 

[0076] Particularly, in a case in which a positional offset Is generated in the wafer W on the surface of the 
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electrostatic chuck 46 or the wafer W is not places at an appropriate position due to foreign materials 
existing therebetween, the pressure in eth chuck-side heat transfer space 74 is not increased to a 
predetermined value when the heat transfer gas is supplied thereto. However, the above-mentioned sensor 
98C (or 98D) having a quick response can immediately detect the insufficient pressure rise so as to 
determine the defective placement of the wafer W. 

[0077] Additionally, by providing the lower insulating member 42 or the upper insulating member 1 14, the 
high-frequency current voltage via the coolant is prevented from leaking to outside (circulating device of the 
coolant) in a case in which a coolant (for example, water) having an insulating characteristic which is not so 
high is used as the coolant flowing through the cooling jackets 58 and 126, thereby enabling efficient use of 
the high-frequency voltage for generation of a plasma. 

[0078] A description will now be given, with reference to FIGS. 7 and 8, of a material of the lower insulating 
member 42 and the upper insulating member 114. 

[0079] FIG. 7 is an illustration for explaining a state in which the insulating member is warped, and FIG. 8 is 
a graph showing the relationship between thermal conductivity and an amount of warp of the insulating 
member. 

[0080] In the embodiment shown in FIG. 2, merely quartz glass is used for the insulating members 42 and 
114. Since the quartz glass has a low coefficient of thermal conductivity, there is a large difference in 
temperature between the upper surface and the lower surface when the upper surface of the lower 
insulating member 42, for example, is put into contact with the lower electrode unit 38 having a high 
temperature and the lower surface of the insulating member 42 is put into contact with the cooling block 40. 
As a result, when there is no temperature difference, the lower insulating member 42 is flat as shown In 
FIG. 7-(A). However, as shown in FIG. 7-(B), if a temperature difference of about 150 DEG C is generated 
such as in a case in which the upper surface is at 200 DEG 0 and the lower surface is 50 DEG C, the 
lower insulating member 42 in this case Is bent downwardly and warp is generated due to the difference in 
the thermal expansion between the upper surface and the lower surface of the lower insulating member 42. 
An amount of warp at this time is determined by the coefficient of thermal conductivity, the coefficient of 
thermal expansion and the size and shape of the material forming the lower insulating member 42. If such 
an amount of warp is large, the upper and lower surfaces do not evenly contact the upper electrode unit 38 
and the cooling block 40, which results in uneven contact. As a result, a heat cannot be evenly released 
from the surface of the lower electrode unit 38 and there is unevenness generated in the temperature of 
the wafer, and the uniformity of the temperature in the surface of the wafer tends to deteriorate. 

[0081] Accordingly, in the present embodiment, a material having a good thermal conductivity is used for 
the lower insulating member 42. That is, when the allowable amount DELTA L of warp in the present 
embodiment is set to, for example, 15 mu m, a material having a coefficient of thermal conductivity of more 
than 80 W/mK (meter-Kelvin) is used. As for such a material, any material having the coefficient of thermal 
conductivity of more than 80 W/mK can be used. For example, aluminum nitride (AIN), which is a ceramic 
material, can be used. 

[0082] FIG. 8 is a graph showing a relationship between the coefficient of thermal conductivity and an 
amount of warp of the insulating member. It can be appreciated from the graph of FIG. 8 that the amount of 
warp is less than 15 mu m. which is an allowable amount, when the coefficient of thermal conductivity is 
greater than 80 W/Km. The conditions of the experiments were such that the diameter of the insulating 
member was 230 mm, the thickness was 12 mm and the heat input from the upper surface was 1500 W. 
Additionally, regarding the characteristic of the insulating member, the Young's modulus was 300 GPa, the 
Poisson ratio was 0.33 and the coefficient of thermal expansion was 5.0 x 10K. As mentioned above, the 
temperature difference between the upper and lower surfaces is reduced by forming the insulating material 
by a material having a high coefficient of thermal conductivity, which results in reduction in the amount of 
deformation due to warp. As a result, the insulating member 42 does not locally contact with the members 
located upside and downside thereof and the uniformity of the temperature in the surface of the wafer W 
can be maintained. 

[0083] Since the above-mentioned phenomenon occurs not only in the lower insulating member 42 but also 
in the upper insulating member 114 (the direction of warp is opposite to the above-mentioned direction), it 
is preferable that the upper insulating member 114 also be made of aluminum nitride having a coefficient of 
thermal conductivity of greater than 80 W/mK. 
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[0084] A description will now be given, with reference to FIGS. 9A through 9D and FIG. 10, of a surface 
structure of the lower insulating member 42 and the upper insulating member 114. 

[0085] In FIG. 2, FIG. 4 and FIG. 6, the width of each of the heat transfer spaces 62, 64, 128, and 130 is 
indicated larger than the actual width in order to facilitate a better understanding. Actually, each of the seal 
members is situated within a concave groove. Additionally, although the structure is fixed by being 
tightened in a direction of height and an air gap corresponding to each of the heat transfer spaces is rarely 
formed, the joint surfaces of the members defining each of the heat transfer spaces are in a point 
contacting state in which the joint surfaces contact to each other at irregularly arranged many contact 
points when microscopically viewed. Thereby, the heat transfer gas flows in the air gap along irregular 
paths. Thus, the heat transfer efficiency differs from position to position along the vertical direction, and, 
thereby, the uniformity of the wafer temperature in the surface tends to deteriorate. 

[0086] In the present embodiment, the joint surfaces that are joined in the vertical relationship to define 
each of the heat transfer spaces 62. 64, 128 and 130 are provided with gas grooves, through which the 
heat transfer gas flows, substantially uniformly in the surfaces. The contact rate of joint surfaces is set to, 
for example, 40% to 80%. That is, for example, mesh-like or cross-stripe gas grooves 200 (refer to FIGS. 
9A through 9D) having a predetermined width are formed by carving one or both of the upper and lower 
surfaces of the lower insulating member 42 over the entire surface. Accordingly, the heat transfer gas flows 
through the gas grooves 200, and, thereby, the heat transfer gas can reach evenly over the entire surface 
of the insulating member 42. As a result, the heat transfer efficiency in the vertical direction over the entire 
surface of the insulating member becomes uniform, and the uniformity of the temperature distribution in the 
wafer can be improved. In this case, if the contact rate is reduced in excess, the heat resistance in the 
vertical direction becomes excessively large and the controllability of the temperature of the wafer Is 
deteriorated. Thus, the lower limit of the contact rate is about 40% as mentioned above. 

[0087] The optimum contact rate was obtained by experiments, and a description will now be given, with 
reference to FIGS. 9A through 9D and FIG. 10, of the results of the experiments. FIGS. 9A through 9D are 
illustrations indicating various contact rates when the gas grooves having various widths are provided to 
the joint surface of the member. FIG. 10 is a graph showing a relationship between the contact rate and 
each of the heat resistance and the dispersion in the temperature distribution. The contact rate represents 
a ratio of the area of the gas grooves to the area of the rest of the surface when the gas grooves are 
formed on the surface of the insulating* member. In FIGS. 9A through 9D, parts of the surface of the 
insulating member 42, on which the gas grooves 200 are formed, are shown, and square parts 202 
corresponds to the contact surface. When the ratio of a side of one of the contact parts 202 to the width of 
one of the gas grooves 200 is 7 : 1 , the contact rate is 77% (refer to FIG. 9A). When the above-mentioned 
ratio is 2 : 1 , the contact rate is 44% (refer to FIG. 9B). Additionally, when the above-mentioned ratio is 1 : 
2, the contact rate is 11% (refer to FIG. 9C). Further, when the above-mentioned ratio is 2 : 5, the contact 
rate is 2.7% (refer to FIG. 9D). It should be noted that when no contact groove is formed, the contact rate is 
100%. 

[0088] The results of investigation regarding the heat resistance and the dispersion DELTA T of the 
temperature distribution in the wafer surface or various contact rates are shown in FIG. 1 0. It should be 
noted that the dispersion in the temperature distribution is represented by a difference between the 
maximum value and minimum value of the temperature of the wafer surface. 

[0089] Although it depends on a kind of process, the dispersion in the temperature distribution in a general 
heating process is required to be less than 30 DEG C. Additionally, if the heat resistance is excessively 
large, release of heat (cooling) cannot be smoothly performed. Thus, the response slows down even if the 
power of the heater or the flow of the coolant in the cooling block is controlled, and the temperature 
controllability of the wafer is deteriorated. Thus, the upper limit is about 0.1 K/W. Accordingly, in order to 
satisfy the both, it was found that the contact rate should be set within a range from 40% to 80%. 

[0090] As mentioned above, according to the present embodiment, since the heat transfer gas can flow 
uniformly in any direction within the surface without excessively increasing the heat resistance, the 
uniformity of the temperature distribution in the wafer surface can be further inriproved. 

[0091] It can be realized that the above-mentioned gas grooves 200 are applicable not only to the upper 
and lower surfaces of the lower insulating member 42 and the upper and lower surfaces of the upper 
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insulating member 114 but also to the surface of the electrode unit contacting the aforementioned surfaces 
and the surface of the cooling block. 

[0092] A description will now be given, with reference to FIGS. 1 1 through 13, of an example in which the 
surface roughness Ra of the lower insulating member 42 and the upper insulating member 1 14 is defined. 

[0093] Since the surface roughness of each member defining each of the heat transfer spaces 62, 64, 128 
and 130 shown in FIG. 2 provides an influence to the actual contact area between the members and the 
actual distance between the members, the heat transfer efficiency, that is, the heat resistance between the 
opposed members is influenced. FIG. 11 is a microscopically enlarged illustration of a part of the heat 
transfer space 62 formed between the lower surface of the lower electrode unit 38 and the upper surface of 
the lower insulating member 42 as an example. As shown in FIG. 1 1 , it can be appreciated that the actual 
contact area between the members and the actual distance between the members are changed depending 
on the surface roughness. 

[0094] If the heat transfer space 62, which is formed between the lower surface of the lower electrode unit 
38 and the upper surface of the lower insulating member 42, is large, the heat resistance between the 
lower surface of the lower electrode unit 38 and the upper surface of the lower insulating member 42 is 
larger. If the heat resistance is large, the release of heat (cooling) cannot be smoothly performed, and the 
controllability of the wafer temperature may be deteriorated. 

[0095] This will be described with reference to FIG. 12. FIG. 12 is an illustrative view of the electrode unit 
28 shown in FIG. 2. In FIG. 12, it is assumed that an amount of heat Qw is supplied to the wafer W due to 
the plasma, and a maximum amount of heat Pw can be supplied by the heater unit 44. Also it is assumed 
that a heat release (cooling) of an amount of heat Xw is performed in the cooling block 40. If the heat 
resistance at the upper and lower boundaries of the insulating member 42 is large, the amount of heat Xw 
cannot be large and a large amount of heat is accumulated in the electrode unit 38. Accordingly, the output 
power of the heater unit 44 must be controlled, and, therefore, the temperature controllability for 
maintaining the wafer W at an appropriate process temperature is deteriorated. 

[0096] Accordingly, in the present embodiment, the surface roughness Ra of the upper and lower 
boundaries of the insulating member 42 is set smaller than 2.0 mu m so as to set the heat resistance to be 
smaller than 0.1 K/W. As mentioned above, if the heat resistance Is smaller than 0.1 k/W, the amount of 
heat Xw for heat release can be increased. Accordingly, an increased power can be supplied to the heater 
unit 44, and, thus, the wafer temperature can be controlled with a good controllability. 

[0097] A description will now be given, with reference to FIG. 13, of the upper limit value of each of the heat 
resistance and the surface roughness. FIG. 13 is a graph showing the surface roughness Ra of the 
insulating member and the heat resistance. Apparent from the graph, the heat resistance is increased as 
the surface roughness Ra is increased. In the conventional electrode structure, the amount of heat to be 
released must be at least 5 W (watts)/cm in consideration of the power of the heater unit 44 and the 
amount of cooling of the cooling block 40. The heat resistance at this time is about 0.1 K/W. Accordingly, it 
can be appreciated from the graph that the surface roughness Ra should be set to be smaller than 2.0 mu 
m. 

[0098] It can be realized that the surface roughness Ra of the above-mentioned insulating member 42 is 
applicable, in the similar manner, to the upper insulating member 1 14 of the upper electrode structure 30 
(refer to FIG. 2). 

[0099] A description will now be given, with reference to FIG. 14 through FIG. 16, of a variation of the heat 
resistant metal seal member to improve the seal characteristic. 

[0100] Generally, the surfaces of the insulating member, the electrode unit and the cooling block are in a 
flat, smoothed state by being mirror finished by lapping or the like so as to achieve a good contact 
therebetween. FIG. 14 illustratively shows the lower surfaces of the electrode unit and the upper surface of 
the insulating member, which surfaces are mirror finished and irregularity of the surface is vary small. 
However, there is a case in which a small scratch 204 is formed in the surface of the insulating member 42, 
which is made of quartz glass of a ceramic material, due to grain loss during the mirror finishing process. 
The scratch 204 may also be generated on the side of the electrode unit 38, which is made of aluminum. 
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[0101] If such a scratch 204 due to grain loss Is generated, there Is a case In which the scratch may act as 
a leak path and the heat transfer gas may leak through the scratch even If the heat resistant metal seal 
member 66A is provided. 

[0102] Accordingly, in the present embodiment, a soft metal film or soft metal layer, which is made of a low 
melting point material that softens near the process temperature of the wafer, is formed on the surface of 
the heat resistance metal seal member or the surface of the member contacting the heat resistant metal 
seal member. 

[0103] FIG. 15A shows a state in which the soft metal film 206 is formed on the surface of the heat 
resistant metal seal member 66A, and FIG. 15B shows a state in which the soft metal film 206 is softened. 
Additionally, FIG. ISA shows a state in which the soft metal layer 208 is formed on the surface of the 
member contacting the heat resistant metal seal member 66A, that is, the tower surface of the electrode 
unit 38 and the surface of the insulating member 42, and FIG. 1 6B shows a state in which the soft metal 
layer 208 is softened. The soft metal layer 208 is formed in a ring-like shape along the seal member 66A. 
The soft metal film 206 and the soft metal layer 208 may be made of indium as explained with reference to 
FIG. 3D, but not limited thereto. 

[0104] As mentioned above, when the soft metal film 206 or the soft metal layer 208 is used, the material is 
softened during the process of the wafer and the softened material enters the above-mentioned scratch 
204 so as to fill the scratch (refer to FIG. 15(B) and 16(B)). Accordingly, there is no leak path, and the heat 
transfer gas can be prevented from leaking outside. 

[0105] Although the soft metal layer 208 is provided to both surfaces to which the seal member 66A 
contacts as shown in FIG. ISA, the soft metal member 208 may be provided only to the insulating member 
42 in which a frequency of generation of the scratch 204 is high. Additionally, the combination of the • 
structure shown in FIG. 15A and the structure shown in FIG. 16A may be used. 

[0106] A description will now be given, with reference to FIG. 17A and 17B, of variations of the heat 
resistant metal seal member to improve a corrosion resistance with respect to a fluoride gas. 

[0107] In this kind of processing apparatus, there is a case in which a highly corrosive fluoride gas is used 
in a process, an etching process or a cleaning process. In such a case, the fluoride gas may cause 
corrosion of the heat resistant metal seal member when the fluoride gas is bring into contact with the heat 
resistant metal seal member. 

[0108] However, in the present embodiment, in order to prevent the corrosion, as shown in FIG. 17A and 
17B, a fluoride passivation film 210 is formed on the surface of the heat resistant metal seal member, 
which passivation film has a high corrosion resistance with respect to the fluoride gas. In the heat resistant 
metal seal member shown in FIG. 17A, the fluoride passivation film 210 is formed on the entire surface of 
the heat resistant metal seal member 66A (the same as that shown in FIG. 3A) having a circular cross 
section. Additionally, the heat resistant metal seal member shown in FIG. 17B is the heat resistant metal 
seal member 66A-1 (the same as that shown in FIG. 3B) having an arc-like shape of which part is open, 
and the fluoride passivation film 21 0 is formed on the entire front and back surfaces, that is, the entire 
exposed surfaces which can be brought into contact with the fluoride gas. Also in the cases of the seal 
members 66A-2, 66A-3 and 66A-4, the fluoride passivation film 210 may be formed on not only an outer 
surface but also an inner surface. 

[0109] Thereby, the meal seal member 66A is prevented from being corroded by the fluoride gas, which 
improves the corrosion resistance of the member. It should be noted that the method of forming the fluoride 
passivation film 210 can be applied to other all metal seal members 66B, 132A and 132B (refer to FIG. 2). 

[01 10] A description will now be given, with reference to FIG. 18 through FIG. 20, of a variation, which 
improves the uniformity of the temperature in the wafer surface by adapting a part of the column 48 
supporting the electrode unit 38. 

[01 1 1] The column 48 having a diameter of 4 cm to 5 cm and supporting the lower electrode unit 38 has a 
hollow interior as shown in FIG. 2, and the interior may be open to atmosphere or the column may be 
sealed. In any case, the center portion of the lower electrode unit 38 to which the column 48 is connected 
has less heat release effect since the cooling block 40 is not positioned underneath. Accordingly, the 
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temperature of the center portion of the lower electrode unit 38 tends to be slightly higher than the 
temperature of the periphery, which is a cause of deterioration of the uniformity of the temperature in the 
wafer surface. 

[011 2] Accordingly, in the present embodiment, gas. blower means is provided so as to promote a release 
of heat at this portion. FIG. 1 8 is a view showing a state in which the gas blower is provided inside the 
column. FIG. 19 is a graph showing the temperature distribution in the surface of the semiconductor wafer. 

[01 13] As shown in FIG. 18, a gas injection nozzle 222 as the gas blower means 220 is inserted into the 
hollow column 48 from underneath, which column supports the center portion of the lower electrode unit 
38. An injection port 224 at the end of the gas injection nozzle 222 is located at a position under the lower 
surface of the electrode 38 by about 1 cm apart from the. lower surface of the electrode unit 38 so that a 
gas such as N2 gas or air at a room temperature is injected toward the center portion of the lower surface 
of the electrode unit 38 so as to promote the release of heat (cooling) at this portion. The injected gas is 
exhausted through an exhaust port 226 at the lower end of the column 38. The temperature of the gas may 
be previously cooled so as to increase the heat release efficiency. However, if the heat release efficiency is 
increased in excess, the temperature of the center portion of the electrode 38 is undesirably decreased too 
much. 

[01 14] FIG. 19 is a graph showing the effect of the cooling blower means, and showing a case in which the 
cooling blower means is not present and a state in which the cooling blower means is present (20 
litters/min and 40 litters/min). The cooling blower means injects N2 gas at a room temperature. Apparent 
from the graph shown in FIG. 19, when the cooling blower means is not present, the temperature of the 
wafer center is high and the temperature of the periphery is low. In this case, the temperature difference 
DELTA T in the surface of the wafer is so large that it reaches 24 DEG 0. 

[01 1 5] When the cooling blower means is present and the gas is injected at a flow rate of 40 litters/min, the 
heat release is promoted in excess and the temperature of the center of the wafer is low. Also in this case, 
the temperature difference DELTA T in the surface of the wafer is so large that it reaches 24 DEG C. 

[01 1 6] On the other hand, when the cooling blower means is present and the gas is injected at a flow rate 
of 20 litters/min, the temperature of the wafer center is appropriately reduced. Accordingly, the temperature 
difference DELTA T is reduced to about 15 DEG C, and the uniformity of the temperature in the wafer 
surface shows a good result. 

[01 1 7] As mentioned above, the uniformity of the temperature in the wafer surface can be greatly improved 
by promoting the heat release by injecting the gas toward the center portion of the lower surface of the 
lower electrode unit 38. 

[01 18] In the above-mentioned embodiment, the heat release of the center portion of the lower electrode 
unit 38 is promoted by providing the gas blower means 220. However, instead of or in combination with the 
blower means, the members may be joined via a thermal conductive member 230 made of, for example, 
aluminum or the like positioned between the column 48 and the cooling block 40. It should be noted that 
the reference numeral 232 indicates a seal member such as an 0-rlng, which maintains the airtightness of 
the process chamber. 

[01 1 9] Accordingly, the heat in the lower electrode unit 38 is transferred to the cooling block 40 via the 
column 48 and the heat conductive member 230. Accordingly, similar to the case described with reference 
to FIG. 18, the heat release of the center portion of the lower electrode unit 38 is Increased, and the 
uniformity of the temperature in the wafer surface can be increased. 

[0120] It should be noted that in the above-mentioned embodiment, the heat resistant metal seal members 
shown in FIGS. 3A through 3E are used so as to seal each of the heat transfer spaces. However, the 
present invention is not limited to this, and the heat transfer spaces themselves may constitute a labyrinth 
structure so that the heat transfer gas does not move out therefrom. 

[0121] A description will now be given of this point by taking the joint part between the lower electrode unit 
38 and the lower insulating member 42 for instance. As shown in FIG. 21 and FIGS. 22A and 22B, small 
grooves 152, each of which has a width of 2 mm, are formed on the lower surface of the lower insulating 
member 42 with a predetermined pitch, for example, several millimeters in a spiral arrangement or a 
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concentric arrangement (the example shown in FIG. 21 is the concentric arrangement). Additionally, small 
grooves 152 are formed on the upper surface of the lower insulating member 42, which faces the lower 
insulating member 42, so that the convexo-concave structure formed by the grooves 1 52 fits to the 
convexo-concave structure formed by the grooves 150. That is, a labyrinth heat transfer space 154 is 
formed by arranging the grooves 150 and 152 as shown in FIG. 22A. In this case, the heart transfer gas 
can be confined in the labyrinth heat transfer space 1 54 in a certain degree without using the heat resistant 
metal seal member. 

[0122] Additionally, as shown in FIG. 22B, the grooves 150 may be formed on only one of the surfaces, 
that is, on the lower electrode unit 38 in the example shown in the figure, and the other surface opposite to 
the one of the surfaces may be made flat. Although the labyrinth heat transfer space 154 formed in this 
case cannot provide the sealing characteristic of the level the same as that shown in FIG. 22A, the heat 
transfer gas can be confined in a certain degree. 

[0123] Additionally, in the above-mentioned embodiment, although each of heater units 44 and 1 16 is 
formed by a sheath heater, each of the heater units may be constituted by a ceramic heater, which is 
formed, for example, by patterning a resistor metal in ceramics. Additionally, the heater units 44 and 116 
may be divided into two zones such as the center side heater unit 44A and outer side heater unit 44B as 
shown in FIG. 23 so that the temperature control can be performed on an individual zone basis. 
Additionally, in the case of the ceramic heater, a control the same as the control of heat generation on an 
individual zone basis can be achieved by increasing or decreasing the width of the patterned resistor in the 
middle of the concentric arrangement or the spiral arrangement. 

[0124] Further, in the present embodiment, the insulating members 42 and 114 are provided between the 
electrode units 38 and 1 10 and the cooling blocks 40 and 1 12, respectively. However, the insulating 
members 42 and 1 14 are not necessarily provided, and the electrode units 38 and 110 may be directly 
joined to the respective cooling blocks 40 and 1 12. In such as case, a small heat transfer space is also 
formed in the boundary of the joined surfaces. It should be noted that, in this case, insulation between the 
process chamber 26 and each of the electrode structures is provided at different positions. 

[0125] Additionally, although the description was given by taking the plasma CVD process for instance in 
the above-mentioned embodiment, the present invention may be applied to other processes such as a 
plasma etching process, a plasma sputtering process, a plasma ashing process or a heat CVD process 
which does not use a plasma. FIG. 24 shows a processing apparatus as an example to which the present 
invention is applied to a heat CVD processing apparatus that does not use plasma. It should be noted that, 
in FIG. 24, parts that are the same as the parts shown in FIG. 2 are given the same reference numerals. 

[0126] In this figure, a showerhead unit 150 is provided instead of the gas nozzle shown in FIG. 2, which 
showerhead unit 1 50 supplies the process gas such as a film deposition gas to the interior of the process 
chamber 26, and a placement table structure 162 is provided instead of the lower electrode structure 28 
shown In FIG. 2. The placement table structure 162 comprises the cooling block 40 and a placement table 
164 that has the same structure as the lower electrode unit 38 shown in FIG. 2. The heat resistant metal 
seal members 66A and 66B are provided in the heat transfer space 62 between the placement table 162 
and the cooling block 40. Since the high-frequency power source is not used, the lower insulating member 
42 provided in the apparatus shown in FIG. 2 is not needed. In this case, action and effect similar to that of 
the apparatus shown in FIG. 2 can be provided. For example, the effect that a temperature of an object to 
be processed can be accurately controlled can be provided without consuming a large amount of heat 
transfer gas by maintaining high sealing characteristic to the heat transfer space. 

[0127] It can be realized that the modes of the examples described with reference to FIGS. 7 through FIG. 
20 can be applied to the placement table structure using the labyrinth heat transfer space 1 54 and the 
placement table structure 162 that does not use a high-frequency power source. 

[0128] Further, although the description was given by taking the semiconductor wafer as an object to be 
processed for example, the present invention is not limited to this and is applicable to an LCD substrate, a 
glass substrate or the like. 

[0129] As mentioned above, the electrode structure, the placement table structure, the plasma processing 
apparatus and the processing apparatus according to the present invention can provide the following 
excellent effects. 
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[0130] According to the electrode structure of the present invention, a high sealing effect for the heat 
transfer apace can be maintained in a high temperature range such as a temperature, for example, ranging 
from 350 DEG C to 500 DEG C, which is higher than 200 DEG^C. 

[0131] Especially, in a case in which the pressure in the heat transfer space or the ikbyrinth heat transfer 
space, which is a target to be controlled, is measured by the heat resistant pressure sensor, a rapid and 
accurate pressure control can be performed. 

[0132] Additionally, according to the placement table structure of the present invention, a high sealing 
effect for the heat transfer apace can be maintained in a high temperature range such as a temperature 
higher than 200 DEG C or, for example, a range from 350 DEG G to 500 DEG 0 so as to accurately control 
a temperature of the object to be processed without consuming a large amount of heat transfer gas. 

[0133] Especially, in a case in which the pressure in the heat transfer space or the labyrinth heat transfer 
space, which is a target to be controlled, is measured by the heat resistant pressure sensor, a rapid and 
accurate pressure control can be performed. 

[0134] Additionally, by setting the coefficient of thermal conductivity of the insulating member to be more 
than 80 W/mK, the warp deformation can be controlled and the uniformity of a temperature distribution in a 
surface of the object to be processed can be improved. 

[0135] Additionally, according to the present invention, by setting the contact rate of the joining surfaces 
that define the heat transfer space to fall within a range from 40% to 80%, the uniformity of a temperature 
distribution in a surface of the object to be processed can be further improved since the heat transfer gas 
can flow substantially uniformly within the surface without excessively increasing the heat resistance. 

[0136] Additionally, according to the present invention, by setting the surface roughness of the member 
defining the heat transfer space to be smaller than 2.0 im, the heat conductivity can be improved and the 
controllability of the temperature of the object to be processed can be improved. 

[0137] Additionally, according to the present embodiment, by forming the soft metal film or layer made of a 
low melting point material, which is softened at a process temperature of the object to be processed, on the 
surface of the heat resistant metal seal member or the surface of the member contacting the heat resistant 
metal seal member, a cut in the surface which contacts the seal member is filled by the softened material 
which eliminates a leak path, thereby enabling prevention of the heat transfer gas from leaking through the 
cut. 

[0138] Additionally, according to the present invention, by injecting a gas toward the electrode unit or the 
center portion of the back surface of the placement table from inside the hollow column which supports the 
electrode unit or the placement table, a release of heat from such a portion can be promoted and the 
uniformity of the temperature distribution in the surface of the object to be processed. 

[0139] Further, according to the plasma processing apparatus of the present invention, a plasma process 
can be performed with an accurate control of the temperature of an object to be processed in a high 
temperature rage. 

[0140] Additionally, according to the processing apparatus of the present invention, a process can be 
performed with an accurate control of the temperature of an object to be processed in a high temperature 
rage. 

[0141] The present invention is not limited to the specifically disclosed embodiments, and variations and 
modifications may be made without departing from the scope of the present invention. 

Data supplied from the esp@cenet database - 12 
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1 . An electrode structure used in a plasma processing apparatus which performs a predetermined process 
on an object (W) to be processed by using a plasma in a process chamber (26) in which a vacuum can be 
formed, the electrode structure is characterized by comprising: 

an electrode unit (38; 110) having a heater unit (44; 116) therein; ' - : " , : r« ^ 

a cooling block (40; 112) joined to the electrode unit and having a cooling jacket (58; 126) which cools said 

electrode unit; 

a heat resistant metal seal member {66A, 66B, 68A, 68B; 132A, 132B, 134A. 134B) for sealing an 
electrode-side heat transfer space (62, 64; 128, 130) formed between said electrode unit and said cooling 
block; and 

electrode-side heat transfer gas supply means (94; 142) for supplying a heat transfer gas to said electrode- 
side heat transfer space. 



2. An electrode structure used in a plasma processing apparatus which performs a predetermined process 
on an object (W) to be processed by using a plasma in a process chamber (26) in which a vacuum can be 
formed, the electrode structure is characterized by comprising: 

an electrode unit (38; 110) having a heater unit (44; 116) therein; 

a cooling block (40; 1 1 2) joined to the electrode unit and having a cooling jacket (58; 1 26) which cools said 

electrode unit; 

a labyrinth heat transfer space (154) formed by a concentric or spiral groove (150) provided on at least one 
of opposite surfaces of said electrode unit and said cooling block; and 

electrode-side heat transfer gas supply means (94; 142) for supplying a heat transfer gas to said labyrinth 
heat transfer space. 



3. The electrode structure as claimed in claim 1 or 2, characterized in that an insulating member (42; 114) 
is provided between said electrode unit (38; 1 1 0) and said cooling block (40; 112), and said heat transfer 
space (62, 64; 128, 130) is divided into an upper space (62, 128) and a lower space (64, 130) by the 
insulating member. 

4. The electrode structure as claimed in claim 3, characterized in that said Insulating member (42; 114) is 
made of a material having a coefficient of thermal conductivity of more than 80 W/mK. 

5. The electrode structure as claimed in claim 4, characterized in that said insulating member (42; 114) is 
made of aluminum nitride (AIN). 

6. The electrode structure as claimed in claim 1 or 2, characterized in that a contact rate of a joining 
surface of a member, which is joined to define said heat-transfer space (62, 64; 128, 130; 154), is set to fall 
within a range from 40% to 80%. 

7. The electrode structure as claimed in claim 1 or 2, characterized in that a surface roughness of a 
member defining said heat transfer space (62, 64; 128, 130; 154) is smaller than 2.0 mu m. 

8. The electrode structure as claimed in claim 1, characterized in that said heat resistant metal seal 
member (66A, 66B, 68A, 688; 132A, 132B, 134A, 134B) is a heat resistant metal film (79) having a ring- 
like cross section, a low melting point material (84) being confined in the metal film. 

9. The electrode structure as claimed in claim 1 , characterized in that a surface of said heat resistant metal 
seal member (66A. 66B. 68A, 68B; 132A, 132B, 134A, 134B) is covered by a soft metal film (206) made of 
a low melting point material which is softened at a process temperature of said object (W) to be processed. 



10. The electrode structure as claimed in claim 1 , characterized in that a surface of a member contacting 
said heat resistant metal seal member (66A, 66B, 68A. 68B; 132A, 132B, 134A, 134B) is covered by a soft 
metal layer (208) made of a low melting point material which is softened at a process temperature of said 
object (W) to be processed. 

1 1 . The electrode structure as claimed in claim 1 , characterized in that a surface of said heat resistant 
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metal seal member (66A, 66B, 68A, 68B; 132A, 132B, 134A, 1348) is covered by a fluoride passivation 
film (210) having a corrosion resistance with respect a fluoride gas. 

12. The electrode structure as claimed in claim 11, characterized in that^said. fluoride passivation film (210) 
is made of nickel fluoride. ' ' ' 

13. The electrode structure as claimed in claim 1 or 2, characterized in that said heater unit (44; 1 16) is a 
ceramic heater. 

14. The electrode structure as claimed in claim 1 or 2, characterized in that said heater unit (44; 1 16) is 
divided into concentric zones, and the divided zones are controllable on an individual basis. 

15. The electrode structure as claimed in claim 1 or 2, characterized in that said electrode unit (38; 1 10) is 
an upper electrode unit (110) positioned above said object (W) to be processed. 

1 6. The electrode structure as claimed in claim 1 or 2, characterized in that said electrode unit (38; 1 10) is 
a lower electrode unit (38) which also serves as a placement table on which said object (W) to be 
processed is placed, and the electrode structure further comprises an electrostatic chuck (46) which is 
joined to an upper surface of the lower electrode unit so as to attract said object (W) to be processed and a 
chuck-side heat transfer gas supply means (96) for supplying a heat transfer gas to a chuck-side heat 
transfer space (74) formed between said electrostatic chuck and said object to be processed. 

17. The electrode structure as claimed in claim 16, characterized in that at least one of said electrode-side 
heat transfer space (62, 64; 128,130), said labyrinth heat transfer space (154) and said chuck-side heat 
transfer space (74) is provided with a heat resistant pressure sensor, and an amount of gas supplied by 
said corresponding heat transfer gas supply means is controlled based on an output of the heat resistant 
pressure sensor. 

18. The electrode structure as claimed in claim 1 or 2, characterized in that the center of said electrode unit 
(38; 1 10) is held by a hollow column (48), and gas blower means (222) is provided in said column for 
promoting a release of heat by blowing a gas toward the center of a back surface of said electrode unit. 

19. The electrode structure as claimed in claim 1 or 2. characterized in that the center of said electrode unit 
(38; 1 10) is held by a column (48), and the column is connected to said cooling block (40; 112) via a heat 
conductive member. 

20. A placement table structure used for a processing apparatus performing a predetermined process on 
an object (W) to be processed in a process chamber (26) in which a vacuum can be formed, the placement 
table structure is characterized by comprising: 

a placement table (164) having a heater unit (44) therein so as to heat said object to be processed; 
a cooling block (40) joined to the placement table and having a cooling jacket (58) which cools said 
placement table (164); 

a heat resistant metal seal member (66A, 66B) for sealing a heat transfer space (62) formed between said 
placement table and said cooling block; and 

heat transfer gas supply means (94) for supplying a heat transfer gas to said heat transfer space. 



21 . The placement table structure as claimed in claim 20, characterized in that a surface of said heat 
resistant metal seal member (66A, 66B, 68A, 68B; 132A, 132B, 134A, 134B) is covered by a soft metal film 
(206) made of a low melting point material which is softened at a process temperature of said object (W) to 
be processed. 

22. The placement table structure as claimed in claim 20, characterized in that a surface of a member 
contacting said heat resistant metal seal member (66A, 66B, 68A, 68B; 132A, 132B, 134A, 134B) is 
covered by a soft metal layer (208) made of a low melting point material which is softened at a process 
temperature of said object (W) to be processed. 

23. The placement table structure as claimed in claim 20, characterized in that a surface of said heat 
resistant metal seal member (66A, 66B, 68A, 68B; 132A, 132B, 134A, 134B) is covered by a fluoride 



file://C:\Documents%20and%20Settings\bepatterson\My%20Documents\espacenet\WO007... 6/8/2004 



THIS PAGE BLAN^»'«"°> 



Page 20 of 20 



passivation film (210) having a corrosion resistance with respect a fluoride gas. 

24. The placement table structure as claimed in.clajm^23, characterized in that said fluoride passivation film 
(21 0) is made of nickel fluoride. ' ' ' ' / ' . - , , 

25. A placement table structure used for a processing apparatus performing a predetermined process on 
an object (W) to be processed in a process chamber (26) in which a vacuum can be formed, the placement 
table structure is characterized by comprising: 

a placement table (164) having a heater unit (44) therein so as to heat said object to be processed; 

a cooling block joined to the placement table and having a cooling jacket (58) which cools said placement 

table (164); 

a labyrinth heat transfer space (154) formed by a concentric or spiral groove (150) provided on at least one 
of opposite surfaces of said placement table and said cooling block; and 

heat transfer gas supply means (94) for supplying a heat transfer gas to said labyrinth heat transfer space. 



26. The placement table structure as claimed in claim 25, characterized in that a rate of contact of a joining 
surface of a member joined to define said heat transfer space (1 54) Is set to fall within a range from 40% to 
80%. 

27. The placement table structure as claimed in claim 25 or 26, characterized in that a surface roughness 
of a member defining said heat-transfer space (154) is smaller than 2.0 mu m. 

28. The placement table structure as claimed in claim 25, characterized in that the center of said placement 
table (164) is held by a hollow column (48), and gas blower means (222) is provided in said column for 
promoting a release of heat by blowing a gas toward the center of a back surface of said electrode unit. 

29. The placement table structure as claimed in claim 25, characterized in that the center of said placement 
table (1 64) is held by a column (48), and the column is connected to said cooling block (40) via a heat 
conductive member. 

30. A plasma processing apparatus characterized by comprising: 

a process chamber (26) in which a vacuum can be formed; 

an electrode structure (28, 30) recited in one of claims 1 to 19; and 

a high-frequency source (56) applying a high-frequency voltage to the electrode structure. 



31 . A processing apparatus characterize by comprising: 

a process chamber (26) in which a vacuum can be formed; and 
a placement table structure (162) recited in one of claims 20 to 29. 
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(57) Abstract: An electrode structure is provided for use in a plasma device that processes a workpiece (W) using a plasma in a 
process chamber (26) in a vacuum. An electrode (38) includes a heater (44). The electrode (38) is coupled to a cooling block (40) 
having a cooling jacket (58) for cooling the electrode. A heat-resistant metal sealant (66A, 66B) covers the electrode in a heat-transfer 
space (62, 64) formed between the electrode and the cooling block. Gas supply means (94) on the electrode side supplies a heat 
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above 200^0, even at 350 to 500'C, and prevents the gas leakage. 
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20 )\^m^mmt^n^m(Dmmm\z':fn±7.um\zxmtr^i&.m.^m(D^ 
i\:^mmM\^^itm\:^mm^m^-r^z.t\z^K). ^)-'^/-^7.(D^±^±m\z^ 

25 yfmi^m^m^T^zitiz^K). yyit:»x\zM-t^mm'kiSE^\^±-^^^zt 
^^mm-fyX'^mmmm(DnmmmRzsmm^m7^^im'r^ztiz$>^. 



wo 00/79575 PCT/JP0O/040il 

mourns. ^«::/P7{cj: K^m^^tnmm'^mm-^^^i^'r^^^mmr^ 

15 Z<D^^\Zs mm^:^^)V'y'-)l^^^^^^^^t\z^K>> 2 0 OTOJ;. i^J 

20 «@^jiic*3ViT, mm^i-^^^^i^mz^-r^nmut. zonmmzm^-^ 
nxn^izmi^nm^^nm-r^i^m'y'^'^y h ^^t^^m':f □ t. mtd, 
nm3tmBif^mzruy^t(Dm^M\^m(Do-^(D(i^u<th-:^\zmi-v]^^^ 
\,^mmmzmn^nrzmmzj;:r)^^-^nrzy}dv>7.B.^^mt. wE^tf 
u y7.Bm^m\zmt-^7.^mr^nmmmmiS7.mi^^^t^mx^nmm 

25 jtmm-^n^^ 

z.t\z^Ki. 2oo'cei±. mx\t^bQ)'-^QovM^(o-mwmz^\f^xhm 



4 



wo 00/79575 PCT/JPOO/04011 

mRxrfm^mf)mzmm^:^^)Vz^-)vuttTi^-)V^n^<Di^i^m.m\^^ 

t)cj;Vi„ jin^Ccto, mmi^o^Kim^mmr^^t^^r^. z.(DBm. 
i!)^^mtti.^o mt^mii^^^it7)v^=-^M. (a in) tcj^oj^^-rsr^tt 

10 LT=fcJ:l/i, 

tfzs mu^^^m^m^-r^rztbizm^-^n^uu(Dm^m<Dmmm^. 4 
0-8 o%<?[)ieHi^M^-r^c:t«i:LT.fej;Vi<, zn\z^o. m^^^M&iz 
M<-f^z.tu<. m,m'»:^^mn\z9^i^-\zm-r:itt)^-v^?><D-Vs mmmi^ 
(Dmp^^^^wi^-i^^Miz^m-r^zt^^pimtu^o 

^^)Viy-)imi(D^m\t. mtmmmi^(D':^n-txumzxmtt^m&A^i 
n^r)tj:^mt^mm\z^Ki^m^nx\^^^^ttLxh^\^K :itnz^n\t. 
'fn±:7.m\z±tmm.^mf)^mt vx ::<Diy-)vm t <Dmfm(Dwnj^<^f)^ 
25 ±m^itLrzi(m\z^Kfmtbi^^ti^::tiz^-DX^)-^/'^:^f)^i^<uf), zn 
\z^r)^rijh^^if\-vxmf^B.m^7.^m\t^::t^^^mtu^o 

*fc, mBmf^ii^^)\^i'-)vw>mmm-r^mi<D^m\z. mtz^mmwo) 
■fa±7.um\zxmtt^mA.^m^ 0 fs.^mt±mmf)mfi^-^nxi^^^ z. t 



-A 

I 

WOOfl/79575 PCT/JPOO/04011 

^^T^yyit^mi^mizj:Ki^m^nx\^^^zttLxh^\^\ z.tnz^y). 

yv\^^v^)\/^Kifs.'h. 
m%mmL-^Wit. -^v^v ^\L-^\z^yyi&ij^-^n^:Lhh\^xh^\^. 
10 sfc, muim\L-^Wimh'V\mz^/'-y^n^n. ^m^tift'/-y\mj^ 
\zwmmh\.x%^\^. , 

BuiH«@si5«, miwm^(D}:.-)5\z'&mt^}Mmmt.-^^ c t t)T#§o 

^\z. z. (DTmmm^(D±m\zm'^tnxmtmmmi^^^m-r^^m^^ v ^ 
15 t.. mui^^=j''^v^t,mwmM^t<Dwzif^i^-^n^^^vif 
' &m1S7.^m^i^'r^^^y^mBm1^xmm^mt^m^kzttLxh^l^\ 

^mo^-^cD^i^t^Kt^i-Do^^fBmzmm&tj^y^fi^mninx^K). ^(d 
mm&t!'t>iyomt!\zm':^\^^xmu^]!t:^t^Bmis:Kmm^monxm^^ 
20 mmr^^o\zLxh^i^\ zn\z^tnt. mm}£t}-t>D-\z^y)mm^m^m 

^niz\tmmm^<Dmm^>bmzmi'^x^^^^tmixm^um^'^^m 
i^^uu^mf)^mni^nx\^^^zttLxh^\,\ :in\z^nu. iag«</j; 
25 ^mm\z^^mmm(D^'L-U(Dfssim^{^mt'&^:iti!)n't^<Dx\ mumw-cD 

^rc. 'mt^mmm(D^'^m-^mz^rt^mnx^o. :i<D%mtmt&^my 
o y !7 \zmBm^mi^^Lxmm-^nx\,^^zttLxh^\^\ zom-tizh. 
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wo 00/79575 PCt/JPOO/04011 

5 mmmw^mmt^rcisb(OMm\i-^m^\Hmzmr^mm'Bt. zomm-^^z 

m-^-^nxf^mzmt^mm-^mmr^^^mz^^'ry h^^'r^nim':^uy^t. 

10 ^(D^o\z. mmM^i^)Vi^-)\^u^^m^^^z.t\zj;:r). 2ooTO±. m 

Ati 3 5 0-5 0 0t:@^Oi^M^(C*3l/iTt>H&fSfeiiSFBl(D>'-;H4&i^<i^ 

^fc. :^mm0m(Dmz^nit. m^3\^-^mizt^-^nrzmm^^p^x'^m'mw 

15 mmw^mmr^rztb(Dmmh—$^m^p^U}zm'r^mm-^t. ^(Dmm-^\zm 
'^^nxnmzmmM.m-^^i^mr^}^mi^^'dryh^^'r^ii^m':fnyi7t. 
mtemm^tmu^n':^uy^t(Dm'^i^\^m(Dv%(D{i>u<th-':^izm'b\^ 
^M^^mmmzm\-f^nrcmmz^Kim^^hrzy.\i^) >7.&m^mt. yM 

20 -t^im^mmm.^-^ti^. 

ciifcj:^, 2 0 ot;^±, MA^^3 5 o~5 o ot:jgsoii?ai^(c*5ViTfeff 

I 
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wo 00/79575 PCT/JPOO/04011 



15 . mT^rz&(DmT'$>^<, ' , • 

mi lit. Tmnm3(DrmtTm^i^(D±mt(Dmzm^^n^^m^m 

20 mi2\t. m2 izmtmrnm^^m^mzm-rmr^)^. 

m 1 3 \t. mmwo)mmu-^ r a .hf^s^i:G)ii^^^-ri:^^7T*So 

•So 

25 0T$. 0 , 0 1 5 B fi0 1 5 A flTj^f^^ltl^o ViTt»:<k^MM*%<b Lfz^Wi^ 

m 1 6 A\tmm^^^)Vi^-)vummmt^3U(Dmmizmt^mM^mf^ 
Lrz^m^^-rmi:$> o , ei i e Bits i 6 Atc^f ^si(w43i.iTi>:{k^Mi^7&^ 
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wo 00/79575 PCT/JPOO/04011 

Tab-So 

10 m2 3it. mm\i-^U(Dmmm^^-tmr$>^. 

15 ^Bj-r^o ' • 

. M2it. ^mM\z-mmm\z^^y^x-^mmmm(Dmmmr$>/bo msAn 

x(D^m^^x.j\^^mmt^mm-^tLxhmmr^r^(Dmmmm2 Bf)m 
25 Ma^gg 2 6 offlijgufc^, ^^^z^-^^xAw^^aaws 2 6 p^^mxmmt^u 



9 



wo 00/79575 



PCT/JPOO/04011 



Tmnm^s8(D^\z\t. Mm^M\^^\tm'L-m\zmm^nrzi^-x\i'-^ m 

mi^-c$>/b^x/\w\mm^^y'!7 4 6\z^o^m-^tix^n-^M. ^ut, 
Tiiim^^ 3 8 (Dri^\z!mmmmii<D^^ 4 s ^ggisgp 5 0 ^sji ltm 

15 ffiUTViSc ^ft4 8{C«'J-Hi^5 2^:n'LT'7-/5^>;JflHlifS5 4B:r/A'-rT 

I 

/^^7*D «:/^ 4 0 ±tET#ittM3 8 <i:|W|1i{C7>'l/^-'^AlCct Om^-^ 

20 ^tlTVi^o -^UT, C:©?^aiv-^'Jr^y h 5 8lc:}^ji'S:fiiE-rc:tl3ctO, ±SST 
fi!l«^gB3 8^^bT'^XAWS:}^^TScl:e>teoTViS. ClO?^ 

h5 8<J:iipiit:-^gi54 4(h^ji^6<jic, m^^itmmizmmT^^t 
(DTmt^m&ms o t\twm'^m\ztii-^nrz^u-x& o ici o^^^nx* 

Vii!j«si53 8 i:?^^:/D «y ^7 4 0 t<Dm\ziff^-^n^ymmmi^4 2 
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wo 00/79575 PCT/JPOO/04011 

4 *^*j^^$n§. cin?) oMe^^r^i 62, 64 t^^^-r^t. miRm^m 62. 

6 4m^M^^Witf£^x±T:&m^<DBmiWi&riyXL^oo ^(DrobiZs 
u >ij^^©Mei^^PBi 6 2,64 op^mmmsf^mmziit. ^n^wj >>fmz 

10 Mii14^^;i/->->>l^B5*t6 6 A, 6 6B, 6 8 A. 6 8 B7:?^*^ffi$nT*3D, M 
BMt^mQ 2. 6 4(D^^^iS:S<aJ#tTVi^o 6 6 A, 6 

6B, 6 8A, 6 8B(Dn.m^^m<mmiyXh. mf)^izis:^f)mn^zt\m 
nibntj.\^^(Dx\ n^m^m6 2. e4\z\t. ^n^^niST.mi^m^T o , 72' 
if)mm-^nxidK). m^-r^^o\z!£timm-^nrzAT. He. n2 mo^m^ 

^fc. ±uLrztmi^fs.m^x\ zf^x-^mmmzm^Tmmmm8iBi.n 

6<D±mt'y:ii/\Yf0mmt(Dm\zm^'^ti^^^'y^M^^^m7 4\zh^^. 

7 6 it. wn^'v'yi^ 4 6<D^>bm\zm^i^'t^rz^\zm^\ m^(D:^xmi^m.f& 
^f^7 4^(D^x^i^(Dmm\t. cniz^^-^nu^\ 

:^\Z. igif^tt7^i$';i/'>-;W^6 6A. 6 6B, 6 8 a, 6 SBO^jitCOl^ 
25 xmSATbmSE^^mVti-^^^mmt^o'y-JVm^QQA. 66B, 68Av 

6 8 B(D^^ <Dmm\tm\^fi(ox\ zy-)vmt6 e A^miztoxmrnt^o 
m3A\z7^rmm^^^)]^i^-)i^m&Ai,t. x^^yuxx^-jw -on 
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wo 00^9575 PCT/JP0O/0401I 

5 m? 9(D\simm^(Dmm<D-'mzmD^^so^mnrzh(Dr'$>^o mox^s 

Ji^me 6 A- 1 lC#i4^4ATl>So 

t 

EI 3 D (I^TiMft^ ^;i'->-;Ug^** 6 6 A - 3 ^i, 0 3 A tC^-r^MR^O 

ifMii^MM 7 9 (Di^astc. 'fu±.xi^mj:vhi&\(m^xmm'r^mii^tin 

' 15 6. 4"C©gll;^.S:^-rs-f >v"':7 A^BS 150 m(Dm,^^mt^/\ 

i^i^m^m.m'r^rztbiz$m\zm<vx:^i). m^^ti. oum^sooumm 

20 m 3 E ^)V'y-)Vmi 66A-4li, 03B tl^T J; 5 T^ji-gP 

t::^ 0 8 0 ^^^tfcck -5 7^j:8ffM?^4^(Difiitt#M^ 7 9 iz^z. mi^mm 

OT*-5„ Wfittpti$';i/v-;UgUtJ6 6A~6 SBttTJi, ±x!ib/^cll3i©Vi 

25 , 0 4 L Xm&mB.m^m 6 2, 6 4 ^ ^ fijeiftst 7 4 

6 2,64 y i7.m^m^m 7 4 ^mm-^n^^:»7.mmm^ 70,72, 
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wo 00/79575 PCT/JPOO/04011 

~ 8 8 Dfimi-f e.nTVi^. ^:fjxmii^m^ 7.0. 7 2 , 7 e , 7 s ef^:*; 

i^^©9 4 .h^^ y^m^miSxmi^^m d 6 S^^tTVi^o j^, N 2 
9 0, 9 2Ji^ffltT*)J;V>. 
5 ^tT, ^mmmmm^8 8A--8 8D\t. ^ei^^ra6 2> 6 4> 7 4{C|g 
tt?>n'5Wl^iE:^l-fe>-t)-9 8 A-g 8D(^1^mfii»cS^^iT, mmi 0 OtCck 
D$!i11lf$n'&. #:^fX#^l&®i?§7 0. 7 2, 7 6, 7 8(DiS7.lhn 

7 OA, 7 2 A, 7 6 A, 7 8 A<Dia^lC±IB^Wfi|£:*J1l>lJ-9 8 A~ 9 8 D 

0, #;^f7.«jig§^v-;H^TVi§, ;ic:-t'±g3^Wiiffi;'3ir>i^-9 8 A~ 9 

8D\t. ^xmmmmtfs.'Dx:^*). :ico±.>-^mm^±>'^9 8A^m\zt 

15 mmi^ 4 2 (D^mizBU i o 2 75«j^^$ns. B^i o2om n^^^mm'^m 
6m\zj:K\^mzm'^'r^. z.(Dn. muio 2 m^m^o&ti m^iti^^m 

. (D^^m^Kif^^mi/'^^-y I 0 8 ^-X^ 10 4 lI^LT^iii^SI 
20 -X7&t^M©Jl^) T?^fife$nT430, ^-X^l 0 4<D®ft^J^ (04^, 

M^lT-^t) fCii^ebT, C:©«fitA^->l 0 8t)#iSlbTigJt^fb;&^4f ^ 
ck^tCfcCoTW^o^bT, ;i(D#litC#5»75:tStn:«^U-F^l 1 OS 
^fM^xail^gUl 0 0{CTm^e*)tC^tiJ1"^i:^tcnfpTVi^o Z-OWPUmi^ 

25 ^, 1 0 0 \z\t. mT^vuv'^^mm^m'^^WLnx. mmmt\z^'ox^ 

^•r-&ssA°^->i Q)8(Dmimt^^^ry^)v-t^^^\zt^-ox\^^o ^tz. 
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wo 00/79575 PCT/JPOO/0401 1 

c<D±^(Dmmmm 3 0 it. ±mnmu not. ±mnm3 1 1 0 o:}±:^\zm 
m-^n^ii^mzfu yi7i i2t. ±mnmM 1 1 0 tr^m^u y^n 2t(Dm 
5 \zit^-^nxmm^n%m\zmwt^±.mmmw i\At\zi^ y)^\zm^^nx 
vi-s. ±.mmm^i ion, 7;i/5-':7A{ij:o?^^$nTVi§o 

i-mnm^i io<D^\z\t. mzmmLtcym%m^z^p^<DMm\L---^w^A a 
tntm^(B^m^m^\m'mmzmm^ntziii\m\i-'^w>\ 1 ^f^m^sbTLi^ 
tiTVi-s.-^bT, :i(D±.mnM^i 1 A(D±.ij\z-ms^mn!'&(D^^ \ i s\t. 

T«y5^>^|lI?S 1 2 2S:r;y^X-7!^^ffl(7)Ji5^JS«JE^^JPT5y^X-7^4 

if^m:fuy^ 1 1 2(i> rmnm^3 8tmmiz7)\^^:i':7A\z^K>m^-^ti 

. 15 TliS. ?&^:/D'y:^l 1 20F^ffP{C«?^jiSrgSTfc*©'^'^U>^J|^0}^^^^ 
h 1 2 e^fig^tlTVi-g). -ei/T, Z<D^mi>'f'^y h 1 2 6{C?&ii<& 

1 2 6 tisam\i-i^^i i6t^miRm\z. m^^itmmzmmt^:it\z^i)^ 

25 114 }tm-^f)^ 2 0 mm@S(7) U > >7*«CD5^;y ^ X J; D i^cJ: § c ±ifiij|fei^^ 1 1 
ilO^ttl 1 8t)i^LTVii), 

±#j€is^ 1 1 0 t±mmmw 1 1 4RU±mmm^ 1 1 4 t^m-:^^ y ^ 1 
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wo 00/79575 PCT/JP00y04011 

t>-^±mmmm^m^m (±m^m) 1 2 s trmnmm^m^m (rm^r^) 
1 3 of)m^-^n^o ^(DfMz. -^^(Dnmm^2^<D^^tnmz. u >y 
'^^(Dnmi^m 128, 130 (Df^^fiijRiDt^^ffiijictt, ^n-^nu >^4^(cjss' 
5 iitt^a^;p->-;i'SB** 1 3 2 A, 1 3 2 Bv 1 3 4 A, 1 3 ABifi^^^tix^ 

D, M^f^^Pa^ 1 2 8.1 3 0 <0%^m:'^<mmi.X\^^o MfC, Mfe^^lS 

1 2 8, 1 3 0 \zu. ^n^tii57.m^m^ 1 3 e , 1 3 8 d^^i^M^nx^s 0 , 

OT{clft^1-§i5iCJE:^f!I^ai$nfcAr. He; N 2 

10 -Tck ^ (c, ^«»je^^PBi 1 2 8 > 13 0 --^mm-^n^^'^T.m^^^ 1 3 e , 

1 3 8{CJi, ^n^*nTX7P-3 >hP-^0<k-5;'=j:^»$iJlia§l8 8E, 8 ■ 
8 F^t^tt e>nTfel^:^?Xi^T*SN 2 n7M 1 4 0 tg^M^nx* 0 . "SSiM 
eii:«^X#^Si&^^l 4 2Sri^BKLXVi5. 
^LX, «*Mm8 8 E, 8 8 Ffi, ^feift^rBl 1 2 8, 1 3 0 «tt 
15 bn^Mffi;^|-fe>1^-9 8E, 9 8F©^tiJffl(cS-ifLiX, ail^gPl 4 4{wJ;0 

mn-^n^o j^, j:(DmsBi4 4tt^(DtiiaisBi oot*fflLx*)ckVio 

^:^7.#^)l&a8Sl 3 6, 1 3 8©;yxaiPl 3 6A, 13 8A<7)ifi^{C 
±tB^ii#ifti£:tJ-fe>1^-9 8 E, 9 8 FOTtt^nX:feD, ^T^T^^fBlgP^^^ffi 
^t/STMai-r-Sct-^tCJ^CoXl^?). iine.©^il>1t9 8E, 9 8F(7)^^K«. 9t 
20 {C05.(i:feViXiaHJL^c:ti^f^<hl^^X*§. 

J^ctc, JE^±a)ck^»cmfife$n;^c:y7X'7^S^g©i!ff^{c:3V^XIftHJ-r§o 

X, ^iJc4^||<i:$nXl.i§^-hAVl'>^3 2$^bX#«#:'^XAW^5aS^§§ 

25 MSP 3 8 (Z)±M(C:«^fiL, i^m^i' 4 6 (C j; 0 ':7X/NW$®«<I^Jt-r'5o C 
CXTIfB«1i^3 8-1=>±g|5ttMg|5 l 1 Ofi. 7.)V-'fy hSr|tJ±$ii^feie)lC, 
^J?)/iit)3 5 0-5 0 O'CtC^MM^nXt.i'?). 
^bX> :i(D!|^^,XT^©m@^ii2 8^m^coyD-feX{4g^X±#$-&^„ 
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wo 00/79575 PCT/JPOO/0401 1 

:intmv^\z. rmnrn^s s (Dixim\i-^M4 4 Rxs±.mn®^ 110 om^. 

5 iH4 . s iF4 > 02 m^m.^mz.m^'t^. -€-lt, M^-^^y^mTT^ 
^bT> zfyX-^m^F^nmunmi 2 AHj^ibm^ui 3 . 5 6mh z o-fy 

XAWRr;±fiiJ«M^ia 0;i>^^^^{CiDii^n§c !^X/^WQ3gilSrE^±-rsfc 
15 ft, O «y ^ 4 0 Rt; 11 2 {C^ltytJ^^i? ^V«yl-58, 126 \Z}%m 

• S:8itL, iineji^^v'^'Jr-/ h5 8, 1 2 6 i:l)ni't-iS'g|54 4, 1 1 6 jSriilE 
\zmmvx^x/\W(DU^f)^'fn±7.^m\zm!^^n^^o \znyh n-)V-r^o 
m> l^mp^'^y h 5 8 , 1 2 6 (D}^mt bX\t, ym^^ti^Jly'y (SM) 

20 z.(Dj:'^tsimiT\z^^^x. K?x/\wo:>mm^>hU'-}m.^imt^rMz. 

±m^B.Wt^m 62.64. 74. 128. 130 ^zMft^T^^iSX^^^^f)^ 

ibBB^x t LXA r ^x^mf^-^ti. z<DBim^mfH^mx^i 10-20x0 
zLzx. ^BM^ts\^i^-)V't^rztb\z. ms ATb^E^z^-^nrz^'^um:^ 

25 (Dm^M^^^'y~-)VmiQ QA. 6 6B. 6 8 A, 6 8B. 13 2A. 132 
B. 13 4A, 1 3 4B^fflliTVii>(DT'. 7'D-tXi&S^^;5 0 Ot:g^*T± 
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wo 00/79575 PCT/JP00/0401I 

B>m^me2. 6 4, 74, 128; isoizit. 5oox:nm(Dmuizhm^ 

#S«fc ^ 5 ic^b^cd; p nc^fi!c®iii»fi£E;^ir >it 9 8 A~ 9 8 F 7&^'^t^^^ 

}i,/vrcy)vxox/\mmiEizuw.^tix\^td^>m'^iz\t. ^m:f^7.^mmLx 
^iniccto, c:(^:^^^*&^jlS(^)jivi±iBi:>it9 8C (^vi«9 8D) j^ce. 
15 ^fc. i^mmm-A2-^^^\^±-mm^\,^4^mnz.z.t.\z^'^ ^^^n^j 

. ^fflViS^^Tfe, dOJ^ii^^bT^aJ (J^^cDti^S^l?) tcils^iSmSIEd^ii 

20 ^^{I, T#Ji^ii^#: 4 2 RCK±ffliJi^# 1 1 4 O^JMlC":) (.iTEl 7 8 

07«|feiii#:;{)^Sofc:t»i^^lJ£HJ-r^fc8?)(^iJ^BJH, ig8fil6i^#0 

^2 {C^-rilJS0!IT«i^ii^^ 4 2, 11 4 <i: b X^fS. § 5^:^^ 7 ;^ V^XVi 
25 §o 5^:^f^7.«l^fe«E:«>ti£ViOT, ^J;iJrF#Jlfe0^4 2 Sr^JlCi^i:-^© 

±®j{>^^i«iaoT<i'j«M 3 8 tmLxTm^^n^My'o v^ao \z^-t^ z. t-t)^ ^ 
07- (A) \zm'^o\zywm.^4 2\m-mr(:h^, h-tf^L. ei7- (b) 
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WO00/79S75 PCT/JPOO/04011 

i^^\zmm-^nu<M^ oxj\i^izmof)^^cx^ji/\um(Dmp^i^-^f)^ 
'i^itt^mi^tfSi'DXL^Oo 
^zx. :^mmmx\tTm^i¥4 2tvx. WiBmmf)^^nfSih<D^m^^x 
10 vi>g)„ -rut>%. :^mmmxn^-^n^RKimAL^m^ifi 5 iim\zn^^ 

^"^UUnxh^^^^^^. M^\t±^^y^MX;^^mt7)l^=.^A CAIN) 

^m\^^^zti}^xt^o 
15 m8\t^mw<DmBi^mt^K)mt0m^^^^'rif^yx$>^. mso^yy 
^) , m^mmti^ s 0 w/mKg^^^fj: 6 0 a.^ii^^fi© 1 5 iti muytt^^ 
z. tmrn-t^o z <Dm(Dmm^mt. mmw(Dmmt 230 mm. iit$ « 1 2 

mm. ±mii^^<DXmtl 5 0 OWT^ofCo ^i^c, mBWO^mzmLXlt. 

0 0 G p a > 4^77 >lt/&^' 0 . 3 3, 5 . 0 x l 0 " 

20 ^K'^xh-Dtzo z<D^^\z. mB^Wi^^}'^MmxmiW4 2^i^m^zt 

tt^ui^tt£.^. z(Dm^. z(DMW4 2ffi±.'^(Dmitm^^f^KiLu<n.^ 
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wo 00/79575 



PCT/JaPOO/04011 



02, 04SLOT6{c:fei/iT«, mm^^Bit-r^tztbiz. ^mi^^me2. 

6 4. 1 2 8.1 3'0 (Dm^m^J:K)i^^<mLXl^^o mmz\t^iy-)P^M 
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